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Description 

nELD OF THE INVENTION 

s [0001] The present invention relates to a silver hatide radiographic element. More particuiarly, the present invention 
relates to a silver halide radiographic element having an improved speed to Dmh ratio comprising a polyhydroxyalicy! 
derivative and an aryi derivative, and to the manufacturing process thereof. 

BACKGROUND OF THE INVENTION 

10 

[0002] Silver hafide emutsiorts are typically prepared by precipitating silver halide (silver bromide, silver iodide, silver 
chloride or mixture thereof) in the presence of a hydrophilic colloid (normally gelatin). Silver halide emulsions are then 
typicaljy subjected to a sensitization process for increasing their sensitivity to light. The sensitization process mainly 
invotves spoctraJ sensitization and chemical sensitization. Spectra! sensitization includes the addition of spectral sen- 
's sitizing dyes which can be adsorbed on the silver halide grain surface in order to make the emulsion sensitive to a 
particular wavelength radiation, such as visible or infrared radatlon. Chemical sansitizatlon includes the addition of 
various oonnpounds to obtain a prescribed value of sensitivity and contrast. Typical methods for chenrtical sensitizing 
a silver halide photographic emulsion include sulfur sensitization, noble metal sensitization, and reduction sensitization. 
It is also common have combination chemical sensitizing methods, such as sulfur-noble metal sensitization, reduction- 
^ noble metal sensitization, and the like, alt which have been previously described. See, e.g. Research Disclosure. 
September 1 994, Item 36544, Paragraph IV, pp. 510^11 . which lists a wide array of references for each of the above- 
mentioned methods. 

[0003] in recent years, there has been a strong demand for high sensitivity, low graininess and low fog in a silver 
halide photographic element as well as for rapid processing in which development is expedited, \ferious Improvements 
^ in the above sensitizing methods have been made. 

[0004] One approach focuses on the addition of coating aids. After the sensitization process, the silver halide emul- 
sion is coated on a support togettier with coating adcfitives. A description of useful coating aids can be found in Research 
Disctosuns No. 38597, September 1996. "Photographic Silver IHalide Emulsions. Preparations. Addenda, Systems and 
Processing", Item IX. 

30 [0005] Useful coating aids include hydroxy substituted aryi compcMirKis are known. For example, U.S. Pat. No. 
5.028,520 (Ito Tadashi, Silver Halide Photographic Material For X-Ray Use) describes the use of hydroquinone sulfonic 
acid potassium salt on tabular silver halide emulsion in an amount Of from 0.03 to 0.5 moles per mole of silver to 
decrease the surface glossiness. 

[0006] JP 54-040729, JP 5&001 936 and JP 62-021 143 describe the use of polyhydroxybenzene derivatives on cubic 

9S silver halide emulsbns to decrease pressure sensitivity in graphic art films. 

[0007] EP 452772, EP 476521 , EP 482599 and EP 488029 describe the use of polyhydroxybenzene derivatives with 
functional groups that albw better silver halide grain adsorption to decrease pressure sensitivity of final film. 
[0008] EP 339870 describes a silver halide photographic emulsion having in reactive association a sensitizing 
amount of polyalkylene glycol compound and a fog reducing amount of an aryhydroxy compound. 

40 [0009] European Patent Applrcatton No. 97-11 6341 .5 describes the use of aryi derivative in a process to prepare a 
silver halkje emulsion to improve the speed to Dmin ratio of the resultir^ photographic elements. 
[0010] Other useful known coating akJs are olysachharides. For example, U.S. PAT. NO. 5,374,509 (Valentini Jose, 
Photographic Element Containing A Binder Conripositnn For Improved Drying Characteristcs) describes a mixture of 
hydrophilic collokt, a branched polysaccharide, a polyacrybmkJe, a potyvinyTidine chloride and a polyacrylate in a quick 

4S water sdbsorb and water release binder. 

[0011] JP 8-0122956 descrbes a silver halide smulskyi which contains a metal chelating agent (type tartaric acids, 
ethylene diamine tetraacetates, nitro triacetates, uramil diacetates) and a mono, a di or a polysaccharide. The silver 
halide emulskxi has high sensitivity. 

[0012] JP 55098745, JP 55098746, describes polysaccharides having glucose units as main chain and mannose, 
so fucose and gtucoronic acids as skte chain h photographk: aolutton preparatton for high speed coating and improved 
l^ysical properties. 

[0013] U.S. PAT NO. 5.370.986 (Lok, et aL, StabUization Of Photographic Recording Materials) describes the use 
of polyhydraxyaDcyl stabiliser ocmpounds and a co^stabaising agent in silver chloride photograph^ element to prevent 
fog formatkxi. The polyhydroxyalkyl stabiliser is a non-reducing oligosaccharide or its alkylsubstituted glycoside of 
ss fomnula R-(CHOH)„(CHOR1 )„-Z ¥«th n=3-7. m=0-7. R=:R1=H OR 1 -3C alkyi, Z=OOOR'or CONRW and R=1 -SC alkyl. 
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SUMMARY OF THE INVENTION 

[0014] In one aspect of the present invention, a process for manufacturing a silvGf halide photographic element is 
provided. Preferably, the process includes the steps of: (i) preparing a silver halide emulsion, (ii) sensitizing said sliver 
halide emulsion by means of a chemical and optica) sensitization method, and (lii) coating said ^Iver halide emulsion 
onto a support. A process of the present invention is characterized in that the process further includes a step of adding 
to the silver halide emubton (1) an aryl compound having at least two hydroxyl groups and at least one additional 
substituent selected from the group consisting of a sulfonic group, an alkali metal sulfonate group, an hydroxyl group, 
a carboxy group or an hydraxymethyl group and (2) a pdyhydroxyalkyl derivative selected from the group consisting 
of non-hydrogenated polysaccharides having an average molecular weight higher than 10,000 and hydrogenated 
polysaccharides having an average molecular weight equal to or lower than 10,000. 
[0015] Preferably, the aryl compound is represented by the following formula: 



(R)n 

(1) 

wherein R is a sulfonic group, an alkali metal sulfonate group, an hydroxyl group, a carboxy group or an hy- 
droxymethyl group and n is an integer of from 1 to 4. 

[0016] More preferably, the aryl compound is represented by the following formula: 



OH (2) 



wherein R and n have the same meaning of formula {1 ) above. 

[0017] Preferably, the non-hydrogenated polysaccharides have an average molecular weight higher than 15,000. 
and the hydrogenated polysaccharides have an average molecular weight bwer than B.OOO. 
[0018] tn accordance with present invention, the aryl compound is preferabiy added in an amount less than 30 
grams per mole of silver and the polyhydroxyalkyl derivative is added in an arrKXjnt lower than 50 grams per mole of 
silver. More preferably, the aryl compound is added in an amount of from 2 to 8 grams per mole of silver and the 
polyhydroxyallcyl derivative is added in an amount of from 2 to 20 grams per mole d silver 

[0019] in another aspect of the present invention, a silver haikie photographs element is provided. Preferably, the 
silver halide photographic element includes at least one silver halkje emulsion layer coated on a support base, wherein 
said silver halide emulsbn layer comprises a combination of (1 ) an aryl ccxnpound having at least two hydroxyl groups 
and at least one additional substituent represented by a sulfonk: group, an alkali metal sulfonate group, an hydroxyl 
group, a caitxsxy group or an hydroxymethyl group and (2) a polyhydroxyalkyl cterivative selected from the group 
consisting of non-hydrogenated polysaccharides having an average molecular weight higher than 10,000 and hydro- 
genated polysaccharides having an average molecular weight equal to or bwer than 10,000. 
[0020] I n yet another embodiment, the present invention relates to the use of a combination of ( 1 ) an aryl compound 
having at least two hydroxyl groups and at least one additbnal substituent represented by a sulfonic group, an alkali 
metal sulfonate group, an hydroxy! group, a cartx)xy group or an hydroxymethyl group and (2) a polyhydroxyalkyl 
derivative selected from the group consisting of non-hydrogenated polysaccharidas having an average molecular 
weight higher than 10,000 and hydrogenated polysaccharkJes having an average molecular weight equal to or bwer 
than 10,000 to increase the speed to Dmin ratb of a light-sensitive silver halkie element. 
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DETAILED DESCRIPTION OF THE INVENT! N 

[0021] The manufacturing process ot silver halide elements usuaJty comprises an emulsion<making step, a chemical 
and optical sensitization step, and a coating step. The silver halide emulsion-making step generally comprises a nu- 
s cleation step. ri whk^h silver halide grain seeds are formed, followed by one or more growing steps, in which the grain 
seeds achieve their final dimenskn, and a washing step, in whk^h all soluble safts are removed from the final emulsion. 
A ripening step is usually perfonmed between the nudeation and growing step and/or between the growing and the 
washing steps. The resulting silver haiide emulsbn is then coated on a proper support to prepare a silver halide pho- 
tographic element. 

10 [0022] According to the method of the present Inventky), the polyhydraxyalkyl derivative and the aiylc^ 

added to the silver haiide emulskxi at any time before the coating of the silver halkto emulsion. The term 'any time 
befOTe the coating" means during or after the emutsiorwnaking step, before, durw^ or after the chemical and optical 
eensFtizatkxi step, or just before coating. According to a preferred embodiment ot the process of the present inventton 
the polyhydroxyalkyi derrvative and aryl compound combinatkxi is added just before coating. 

IS [0023] Polysaccharides having a recurring unit comprising five or six carbon atoms are preferably used in the method 
of the present invention. Preferred recuring units include, for example, adonitol. arbitol, xylitol, dulcitol, kJitol. mannitol, 
sorbitol, and the like. The average molecular weight of the non-hydrogenated polysaccharide derivatives used in the 
method of the present invention is higher than 10,000. preferably higher than 15,000, and most preferably in the range 
of from 15.000 to 30,000. The average molecular weight of the hydrogenated polysaccharide derivatives used in the 

^ method of the present invention is equal to or lower than 10,000, preferably tower than 8.000. and most preferably in 
the range of from 6,000 to 1 .000. 

[0024] Hydrogenated and non -hydrogenated polysaccharides are commercially available, for example, under the 
trade designatfon POLYSORB, from Roquette, Lille. France. The pr^aratioo of hydrogenated and non-hydrogenated 
polysaccharktes usually starte from natural products (like starch, agar, tragacanth gum. xanthan gum, guar gum, and 
2S the tike ) by means of enzymatk: processes (to reduce the average molecular weight) and of reducing processes (to 
saturate the molecule, in case of hydrogenated polysacdiarides). 

[0026] For the purposes of the present invention, a polysaccharkle described above is typtoally added in an amount 
less than 50 grams per mole of silver, preferably In the range of from 1 to 30 grams per mole of silver, more preferably 
from 2 to 20 grams per mole of silver. Such amounts can be expressed in terms of grams per sqt^re meter per side 
30 of the resulting silver halide radbgraphic element, wherein the announts above correspond to an amount less than 
2000, preferably in the range of from 40 to 1 200, more preferably from 80 to 600 milligrams per square meter per side, 
respectively. 

[0026] Preferably, the aryl compound is represented by the following formula: 

35 



HO OH 



40 




45 wherein R is a sulfonic group, an alkali metal sulfonate group, an hydroxy! group, a cartioxy group or an hy- 

droxymethyl group and n is an integer of from 1 to 4. 

[0027] More preferably, the aryl compound is r^resented by the folkjwing formula: 
so OB 



SB 
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wherein R is a sulfonic group, an alkali metal sulfonate group, an hydroxy! group, a cartjoxy group or an hy- 
droxymethyl group and n Is an integer d from 1 to 4. 

[0028] Useful examples of aryl compounds represented by the above mentioned general formulae are listed below. 



10 



7S 



20 



30 



40 



45 



SO 




[0Q29| For the purposes of the present invention, an aryl oompound. as described above, Is typically added in an 
amount less than 20 grams per mole of silver, preferably in the range of from 1 to 10 grams per mole of silver, more 
ss preferably from 2 to 8 grams per wo\e of stiver. These amounts can also be expressed in terms of grams per square 
meter per side of the resulting silver halide radiographic element, wherein these amounts con'espond to an amount 
less than 800, preferably in the range of from 40 to 400, more preferably from 80 to 320 milligrams per square meter 
per side, respectively. 
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[0030] Silver halide emulsions useful in the present invention can be prepared using conventional methods, including 
a single-jet method, a double-jet method, or a combination of these rrtethods and can be i^ened usirtg, for inatanoe, 
an ammonia method, a neutralization method, or an acid method. Parameters which may be adjusted to control grain 
growth include pH. pAg, temperature, shape and size of reaction vessel, and the reaction method (e.g., accelerated 

5 or constant flow rate precipitation, interrupted prec|)itation. ultrafiltration during precipitation, reverse mixing processes 
and combinations thereof). A silver halide solvent, such asamnronia, thioethers, thioureas, etc., maybeused, if desired, 
for controlling grain size, grain structure, particle size distribution of the grains, and the grain-growth rate. Methods for 
preparing silver halide emulsions are generally known to those skilled ii the art and can be found in references such 
as Trivelli and Smith, The Photooraohtc Journal. Vol. UOQX. May 1939. pp. 330-338, TH. James, The Theory ot The 

10 Photographic Process. 4th Edrtkxi. Chapter 3, Chimie et Phvstaue Photographique. R Glafkkjes, Paul Montal (1 967). 
Photographic Emulsion Chemistry. G. F. Duffin, The Focal Press (1 966), Making and Coating Photographic Emulsions. 
V. L. Zelikman. The Focal Press (1966), in U.S. Pat. Nos. 2,222,264; 2,592,250; 3,650,757; 3.917.485; 3,790,387; 
3.716,276; and 3,979,21 3; Research Disctosure. Sept. 1 994. Item 36544 'Photographic Silver HalkJe Emulsrans. Prep- 
arations, Addenda, Systems and Processing.' 

^5 [0031] In the preparatnn of silver halkte emulsions, halogen compositions of the silver halde grairis can be used. 
Typical silver halkies include silver chkyide, silver bromkle, silver kidide, silver chlorokxllde, silver bromokxlida, silver 
chlorobromoiodkje and the Gka However, silver bromide and silver bromokxJide are preferred silver haikto compositions 
with silver bromoiodide compositions containing from 0 to 10 mol% silver iodide, preferabfy. from 0.2 to 5 mol% silver 
kxfide. and more preferably, from 0.5 to 1 .5 mof% silver kxikle. The hak>gan composition of indivkJual grans may be 

^ homogeneous or heterogeneous. 

[0032] Silver haWe emulsions typk:ally Include a binder material such as gelatin or other hydrophilic coltoids, either 
alone or in combination, such as, dextran, cellulose derivatives (e.g., hydroxyethylcellulose. carboxymethyl cellulose), 
collagen derivatives, colloidal albumin or casein, polysaccharWes, synthetic hydrophilic polymers (e.g., polyvinylpyr- 
rolidone, polyacrylamkJe, polyvlnylateohol. polyvinylpyrazole) and the like. Prefen-ed silver halide emulsnns include 

^ gelatin or gelatin derivatives, such as. higjhly dekmized gelatin, acetylated gelatin and phthalated gelatin can also be 
used. The hydrophilic colbkis may also be used in combinatkm with synthetk; potymertc birxJers and peptizers such 
as acrylamide and methacrylamkJe polymers, polymers of alkyi and sulfoalkyi acrylates and methacrylates, polyvinyl 
ateohoi and its derivatives, polyvinyl lactams, polyamkJes, polyamines, poly^yl acetates, and the like. 
[0033] The silver halide grains of these emulsions may be coarse or fine, and the grain size distribution of them may 

30 be narrow or extensive. Further, the silver halide grains may be regular grains having a regular crystal structure such 
as cube, octahedral, andtetradecahedron, or the spherical or irregular crystal structure, or those having crystal defects 
such as twin planes, or those having a tabular form, or combination thereof. Furthermore, the grain structure of the 
silver halkJes may be unifomi from the interior to exterior thereof, or be multilayer In one embodiment, the grains may 
comprise a core and a shell, in whnh each may have different halkle compositions and/or may have undergone different 

35 modifications such as the additkan of doping agents. Besides having a differently composed core and shell, the silver 
halide grains may also comprise different phases in-between. Furthemnore, the silver halkles msy be of such a type 
as altows a latent image to be formed mainly on the surface thereof or of such type as alknvs it to be formed inside the 
grains thereof. 

[0034] In a preferred embodiment of the present invention, tabular silver halkJe emulsbns are employed. Tabular 

^ silver haWe emulsions are cfwactorized by the average diameter^hk^knoss ratto (i.e., aspect ratio) of silver halide 
grains. Tabular silver halide grains have an aspect ratio of at least 2:1 , preferably, 2:1 to 20:1, more preferably, 2:1 to 
14:1, and most preferably, 2:1 to 8:1. Average diameters of the tabular stiver halkle grains range from about 0.3 to 
about 5 mm, preferably, from about 0.5 to about 3 mm, mora preferably, from about 0.8 to about 1 .5 mm. The tabular 
silver halkle grains have a thk^ess of less tlian 0.4 mm. preferably, less than 0.3 mm. and more preferably, within 

4S 0. 1 to 0. 3 mm. The projected area of the tabular silver halkle grains accounts for at least 50%, preferably^ at least 80%, 
and more preferably, at least 90% of the prqected area of ail the sih/er halkte grains of the emulston. 
[0035] The tabular silver halide grain dimenskMis and characteristics described at>ove can t>e readily ascertained by 
procedures well known to those skilled in the art. The term 'diameter" is defined as the diameter of a circle having an 
area equal to the projected area of the grain. The term thckness' means the distance behveen two substantially 

50 parallel main planes constituting the tabular silver halide grains. From the measure of diameter and thickness of each 
grain, a diametenthickness ratk} of each grain can be calculated, and the diameterithckness ratkas of all tabular grains 
can be averaged to obtain their average diametenthckness ratk>. in other words, the average diameterthkskness ratio 
is the average of indivklual tabular grain diameterthtekness ratios. In practk». it is simpler toobtaln an average diameter 
and an average thk:kness of the tabular grains and to calculate the average dtameterthk:kness ratio as the ratk) of 

ss these two averages. Whatever the method used, the average diameterthrckness ratk)S obtained do not greatly differ. 
[0036] Silver halkte emulsions containing tabular silver halide grains can t>e prepared by vark>us processes known 
to those of ordinary skill in the art for the preparation of photograph b elen^ents. For exampte, preparation of silver 
halide emulsions containhg tabular silver halkte grains is descrbed in de Cugnac and Chateau. "Evolution of the 
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Morphology of Silver Bromide Ciystats During Physical Ripening'. Science and Industries PhotooraohiQues. Vo). 33» 
No.2 (1 962). pp.1 21 -1 25, in Guloff. "Nudoatkm and Growth Rates During the Preciptetion of Silver Hallde Photographio 
Emulsions", Photooraohic Science and Enoineerina Vbl. 14. No. 4 (1970). pp. 248-257, in Berry et al., 'Effects of 
Environment on the Growth of Silver Bromido Microcrystate'. \tol.5, h4o.6 (1 961 ), pp. 332-336, in Research Disclosure. 
s Sept. 1994, Item 36544 'Photographic Silver Hatide Emulsions, Preparations. Addenda. Systems arxi Processing', in 
U.S. Pat. Nos. 4,063.951; 4,067,739; 4,184.878; 4,434.226; 4.414.310; 4,386=156; and 4.414.306; and in EP Pat. 
Appln. No. 263,508. 

[0037] At the end of the silver hallde gran fomnation, water soluble salts are removed from the emulsion by procedures 
known in the art. Suitable washing processes are those wherein the dispersing medium and soluble salts dissolved 
10 therein can l>e removed from the silver halide emulsion on a continuous basis, such as, for example, a combination of 
dialysis or electrodialysis for the removal of soluble salts ora combination ofosmosis or reverse osmosis for the removal 
of the dispersing medium. 

[0038] Among the known technk^ues for renKSVing the dispersing medium and solubte salts while retaining silver 
halide grains in the remaining dispersion, ultrafiltration is a particutarly advantageous washing process. Typically, an 

IS ultrafiltration unit comprising menr^ranes of inert, non-ionk: polymers is used as a washing process. Since silver halide 
grains are large in comparison with the dispersing medium and the soluble salts or kxis, silver halide grains are retained 
by the membranes while the dispersing medium and the soluble salts dissolved therein are removed. 
[0039] Prior to use, silver halide grain emuiskx>s are generally fully dispersed and bulked up with gelatin or other 
diaporsk)n of peptizer and eidsjected to any of ttie known methods for achieving a desired sensitivity. A wkje description 

20 of methods and compounds useful in chemk»l and optkal sensltizatton can be found in Research Di8ck>sure No. 
38597, September 1996. 'Photographic Silver hialide Emulskms. Preparations, Addenda, Systems and Processing*, 
Items IV and 5. 

[0040] Chemical sensitizatbn is performed by adding chemnal sensitizsrs and other additional compounds to the 
silver halide emulsion, folbwed by the so^lled chemical r9)ening at high temperature for a predetermined period o1 

25 time. Chemteal sensitization can be performed by various chemical sensitizers such as goW, sulfur, reducing agents, 
platinum, selenium, sulfur plus gokJ, and the like. Tabular silver halkJe grains, after grain formatnn and desalting, are 
preferably chembally sensitized by at least one gofei sensitizer and at least one sulfur sensitizer During chemical 
sensitizatkxi other compounds can be added to improve the photographk; performances of the resulting sBver halide 
emulsion, such as, for example, antifoggants, stabilizers, optcal sensitizers, supersensitizers, and the like. 

30 [0041] Gold sensitization is performed by adding a gokj sensitizer to the emulsk^n and stirring the emulsion at high 
terr^erature of preferably 40*^0 or more for a predetermined period of time. As a gokl sensitizer, any gold compound 
whk:h has an oxidation number of 4-1 or +3 and is normally used as goti sensitizer can be used. Preferred examples 
of gokj sensitizers are chtoroaurk: ackl, the saRs thereof and gokt complexes, such as those described in U.S. Pat. 
No. 2,399.083. Specific examples of gold sensitizers include chloroauricackJ, potassium chloroaurate, auric trKhloride, 

3S sodium aurithk)sulfate, potassium aurtthiocyanate. potassium iodoaurate. tetracyanoauric acki. 2-aurosutfobenzothi- 
azole methochtorlde and ammonium auroihkxyanate. 

[0042] Sulfur sensitization is performed by adding a sulfur sensitizer to the silver halide emulskm and stirring the 
emulsion at a high terrperature of 40°C or more for a predetermined perkxi of time. Useful examples of sulfur sensitizer 
include thkssulfonates. thiocyar^tes. sulflnates, thioethers. and elemental sulfur. 

^ [0043] The amounts of the goW sensitizer and the sulfur sensitizer change in accordance with the various conditions, 
such as activity of the goM and sulfur sensitizer, t^pe and size of silver hallde grains, temperature, pH and time of 
chemk:al ripening. These amounts, however, are preferably from 1 to 20 mg of goM sensitizer per mole of silver, and 
from 1 to 100 mg of sulfur sensitizer per mole of silver. The temperature of chemkal r4)ening is preferably 45''C or 
more, and more preferably 50*C to 80*C. The pAg arKl pH may take arbitrary values. 

45 [0044] During chemical sensitizatkxi, additnn times and order of gold sensitizer and sulfur sensitizer are not partic- 
ularly limited. f=br example, gold and sulfur sertsitizers can be added at the initial stage of chemical sensitization or at 
a later stage either simultaneously or at different times. Usually, gokl and sulfur sensitizers are added to the silver 
halide emulsion by their solutksns in water, in a water-miscble organk: solvenl, such as methanol, ethanoi and acetone, 
or as a mixture thereof. 

so [0045] A stabilizer is preferably added at any time before the additnn of the sulfur sensitizer While not intending to 
be bound by any partk;ular theory, it is believed that it acts as a digest stabilizer and a site director for the sulfur 
sensitizer. Preferably, the stabilizer is added before the additk)n of sulfur chemical sensitizer in an amount of from 1 
to 500 milligrams per mole of silver, preferably, from 10 to 300 mililgiams per mole of silver. 
[0046] Specific examples of useful stabilizers include thiazole derivatives; benzothiazole derivative; mercapto-sub- 

SB stituted heterocyclic compounds(e.g., mercaptotetrazoles, mercaptotriazoles, mercaptodiazoles, mercaptopyrimi- 
dines. mercaptoazoles); azalndenes, (e.g., triazaindenes and tetrazaindenes); triazoles; tetrazoles; and sulfonic and 
sulfinlc t>enzene derivatives. Azaindenes are preferably used, more preferably, tetraazaindenes. 
[0047] A silver fialMe grain emulskvi may be optically sensitized to a desired region of the visible spectnjm. Suitable 
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methods for spectral sensitization are known. For example, optical sensitization may be achieved by using an optical 
sensitizer, such as a cyanine dye, a merocyanine dye, complex cyanine and a merocyanine dye, an oxonol dye, a 
hemioxonol dye. a styryl dye and a streptocyanine dye, or a combination thereof. Useful optical sensitizers include 
cyanrnes derived from quinoline, pyridine, isoqutnoline, benzindole. oxazole, thiazole. selenazole. imidazole. Particu- 

s larly useful optical sensitizers are the dyes of the benzoxazole-, benzimidazc^e- and benzothiazole-carbocyanine type. 
Typically, the addition of the spectral sensitizer is perfomrted after the completion of chemical sensitization. Alternativety, 
spectral sensitization can be periormed concurrently with chemical sensitization, before chemical ser^sitization, or even 
prior to the completion of silver halide precipitation. When the spectral sensitization is periormed before the chemical 
sensitization, it is believed that the preferential absorption of spectral sensitizing dyes on the crystal lographlc laces of 

10 the tabular grains allows chemical sensitization to occur selectively at unlike cfvstalk>graphic surfaces of the tabular 
grains. In a preferred embodiment, the spectral sensitizers produce J aggregates, if adsorbed on the surface of the 
silver halide grains, and a sharp absorption band (J-band) with a balhochromic shift with respect to the absorption 
maximum of the free dye in aqueous solutbn. 

[0048] It is known in the art of radiographic photographic elements that the intensity of the sharp absorption band 
IS (J-band) shown by the spectral sensitizing dye absorbed on the surface of the light-sensitive silver halide grains will 
vary with the quantity of the specific dye chosen as well as the size and chemcal compositnn of the grains. The 
maximum intensity of J-band has been obtained with silver halkJe grains having the above described sizes and the 
chemteal compositions absorbed with J-band spectral sensitizing dyes in a concentration of from 25 to 1 00 percent or 
more of nriorM)layer coverage of the total avallabia surface area of the silver halide grains. Optimum dye concentration 
levels can be chosen in the range of 0.5 to 20 millimoles per mole of silver halide, preferably in the range of 2 to 10 
millimoles. 

[0049] Spectral sensitizing dyes producing J aggregates are known In the art, such as described by F. M. Hamer, 
Cvanine Dyes and Related Compounds, John Wiley and Sons, 1 964, Chapter XVII and by T. H. James. The Theory 
of the Photographic Process. 4th Editton. MacMillan, 1977, Chapter 8. 

^ [OOSO] In a preferred form. J-band exhibiting dyes are cyanine dyes. Such dyes comprise two basic heterocyclic 
nuclei joined by a linkage of methine groups. The heterocyclic nuclei preferably Include fused benzene rings to enhance 
J aggregatton. The heterocyclic nuclei are preferably quinolinium, benzoKazotium, benzothiazollum. benzoselenazo- 
lium, benzimkiazolium, naphthoxazolium, naphthothiazolium and naphthoselenazolium quaternary salts. 
[0051] Suitable cyanine dyes, which are joined by a methine linkage, include two bask; heterocyclic nuclei, such as 

30 pyrrolkiine, oxazoline, thiazoline, pyrrole, oxazole, thiazole, selenazole, tetrazole and pyridine and nuclei obtained by 
fusing an alicyclic hydrocartxxi ring or an aromatk; hydrocarbon ring to each of the above nuclei, such as indolenine, 
benzindolentne, indole, benzoxazole, naphthoxazoie, tierizothiazole, naphthothiazole, benzoselenazole, benzimida- 
zole and quinoline. These nuclei can have substituent groups. 

[0052] Suitable nnerocyanine dyes, which are joined by a methine linkage, include a basic heterocyclk; nucleus of 
3S the type described atxwe and an ackJ nucleus, such as a 5- or 6-membered heterocyclic nucleus derived from barbituric 
acid, a-thnbarbituru acM. rhodanine, hydantoin, 2-thiohydantoin. 4-thlohydantoin, 2-pyrazolbi^-one, 2-isoxazolin- 
5-one, indan-I.S-dnne. cyck)hexane-1-3-dione, and isoquinolin-4-one. 
[0053] Pr^erred dyes are cyanine dyes, such as those represented by the following formula: 



Zi 

^CH 



CH 



N+ R2 



d L _l„ 



so wherein n, m and d each independently represents Q or 1 . L represents a methine linkage, e.g., =CH-. =C(C2H5)-. etc. , 
and R2 each represents a substituted or unsubstituted alkyi group, preferably, a lower alkyi group of from 1 to 4 
carbon atoms, e.g., methyl, ethyl, propyl, butyl, cycbhexyl and dodecyl, a hydroxyalkyl group, e.g., b-hydroxyethyl and 
W-hydroxybutyl. an alkoicyalkyl group, e.g., b-methoxyethyl and W-butoxyethyl, a carboxyalkyl gtoup, e.g.. b-carbox- 
yethyl and W-carboxybutyl, a sulfoalkyi group, e.g.. b-sulfoethyl and W-sulfobutyl, a sulfatoalkyi group, e.g., b-sulfa- 

ss toethyl and W-sulfatobutyl, an acyloxyalkyi group, e.g., b-acetoxyethyl, g-acetoxy propyl and W-butyryloxybutyl, an 
alkoxycarbonylalkyi group, e.g., b-methoxycartwnylethyl and W-ethoxycarbonylbutyl, benzyl, phenethyl, or an aryl 
group of up to 30 cartoon atoms, e.g., phenyl, tolyl, xylyl, chlorophenyl and naphthyt. X represents an acki anion, e.g., 
chloride, bromide, kxitie, thiocyanate, sulfate, perchlorate. p-toluenesulfonate and methylsulfate; the methine linkage 
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forming an intramolecutar sail when p is 0; and Z^, the same or different, each represents the non-metallic atoms 
necessary to complete the same simple or condensed 5- or 6-membered heterocyclic nucleus, such as a benzothiazolo 
nucleus (e.g.. benzothiazols, 3-, 5-, 6- or 7<chloro-benzothlazole, 4-, 5- or 6-methy(benzothiazole, 5- or 64)romoben- 
zothiazole, 4- or 5-phenyl-benzothlazole, 4-. 5- or 6-methoxybenzothiazole. 5.6-dimethyl-benzothiazole and 5- or 6-hy- 
droxy-benzothiazole), a naphthothiazote nucleus (e.g.. a-naphthothiazole. b-naphthothiazole, 5-methoxy-t>-naphtho- 
thiazole, 5-ethoxy-a-naphthothiazole and 8-methoxy-a-naphthothiazol8), a benzoselenazote nucleus (e.g., benzose- 
lenazole, 5-chloro-benzoseienazole and letrahydrobenzoselenazole), a naphthoseienazole nucleus (e.g., a-naphtho- 
selenazole and b-naphthoselenazole), a benzoxazole nucleus (e.g., benzoxazols, 5- or G-hydroxy-benzoxazole, 
S^loio-benzoxazole, 5- or 6-methoxyl)enzoKazole, 5-phenyH3enzaxazole and 5,6-dimethyl-benzoxazole), a naph- 
thoxazole nucleus (e.g.. a-naphthoxazols and b-naphthoxazole), a 2-quinoline nucleus (e.g., S-quinoline, 6-. 7, or 
8>methyl-2-quinoline, 4-, 6- or 8-chioro-2-<]uinoline. 5-. 6-or 7-ethQxy-2-quincline and 6- or 7-hydroxy-2-quinollne), a 
d-quinoline nucleus (e.g.. 4-qulnoline, 7-or8-m6thyM'quirYOlineand6-methoxy-4-quinoline), a benzimidazole nucleus 
(e g , benzimidazole, 5-chlorobenzimldazole and 5,6-dichtorobenzimidazole), a thiazole nucleus (e.g., 4- or 5-methyl- 
thiazolG: 5-phenyl-lhia2ote and 4,5-di-methyl-thiazole), an oxazole nucleus (e.g., 4- or S-methyl-oxazote, 4-phenyl- 
oxazoie, 4*ethyk3xazolearK}4,5-dimethy^oxazote), and a setenazote nucleus (e.g., 4-methyt-sel8nazoleand4-phenyl- 
selenazole. More preferred dyes within the above class are those having an internal salt group andtor derived from 
benzoxazole and benzimidazole nuclei as indicated before. Typical methine spectral sensitizing dyes include those 
listed below. 
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5 



10 



15 



20 



25 



30 



3S 



40 



45 



SO 




F 



[0054] The methinc spectral sensitizing dyes are generally Icnown in the art, such as those dcscrbod In U.S. Pat. 
Nos. 2.503.776; 2.912.329; 3,148,187; 3,397,060; 3.573,916; and 3.822.136 and FR Pat. No. 1.118,778. Also their 
ss use in photographic emulsions is Icnown. wherein they are used in optimum concentratiCMis conesponding to desired 
values ot sensitivity to log ratios. C^tlmum or near optimum concentrations of spectral sensitizing dyes generally go 
from 10 to 500 mg per mole of silver, preferably, from 50 to 200. and more preferably, from 50 to 100. 
[0055] Spectral sensitizing dyes can be used in combinations which result in supersensitization, i.e., spectral sen- 
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sitizalion which is greater in a spectral region than that from any concentration of one dye alone or which would result 
from an additive effect of the dyes. Supersensitization can be obtained with selected combinations of spectral aonoi- 
tizing dyes ar>d olher addenda, such as stabilizers and antifoggants. development accelerators and inhibitors, optical 
brighteners. surfactants and antistatic agents, as described by Gilman. Photographic Science and Enoineerino. 16, 
5 pp. 418-430. 1974 and in U.S. PaL Nos. 2,933.390; 3,635,721; 3,743.510; 3,615,613; 3.615.641; 3.617,295; and 
3,635.721. 

[0056] Other additives can be added to the silver halide emulsion before or during coating, such as, stabilizers or 
antifoggants (i.e.. azaindenes. triazoles, tetrazoles, imidazoiium salts, polyhydroxy compounds and others); developing 
promoters (e.g., benzyl alcohol, polyoixyethyjene type compounds, etc.); image stabilizers (i.e., compounds of the 

10 chromane. cumaran, bisphenol type, etc.); and lubricants (i.e. . wax. hi£^er f^tty acids glycerides, higher alcohol esters 
of higher fatty acids, etc.). Also, coating aids, modifiers of the permeability in the processing liquids, defoaming agents, 
antistatic agents and matting agents may be used. Other useful additives are disclosed in Research Disclosure. Item 
17643, December 1978 in Research Disclosure. Item 18431, August 1979. in Research Disclosure. Hem 308119, 
Section IV, December 1989, and in Research Disclosure Item 36544, September 1 994. 

IS [0057] A silver halide emulsion is then coated on a support. Suitable supports include glass, paper, polyethylene- 
coated paper, metals, polymeric film such as cellulose nitrate, cellulose acetate, polystyrene, polyethylene terephtha- 
late, polyethylene, polypropylene and the like. A preferred support is polyethylene terephthalate. 
[00501 Preferred light^ensitive silver halide photographic elements are radiographic light-sensitive elements em- 
ployed in X-ray imaging comprising a silver halide emulsion layer(s) coated on both surfaces of a support. The silver 

20 halide emulsions are preferably coated on the support at a silver coverage in the range of 1 .5 to 3 g/hi^ per side. 

[0059] Usually, the radiograph ic light-sensitive elements are associated with intensifying screens so as to be exposed 
to radiation emitted by the screens. Preferable intensifying screens are made of relatively thick phosphor layers which 
transform the X-rays into nrrare imaging-effective radiation such as light (e.g., visible light). In operatkin, the screens 
absorb a larger portion ot X-rays than the light-sensitive elements do and are used to reduce the X-ray dose necessary 

^ to obtain a useful image. Intensifying screens absorbing more than 25% of the total X-radiation are preferably used. 
Depending on their chemica) composition, the phosphors can emit radiation in the ultravniet. blue, green or red region 
of the visible spectrum and the stiver hafide emulstons are sensitized to the wavelength region of the radiatksn emitted 
by the screens. Sensitization is performed by using spectral sensitizing dyes absorbed on the surface of the silver 
halide grains as described above. 

30 [0060] Radic^raphic elements of the present inventk>n can inclurte other layers and additives, such as subbing layers, 
surfactants, filter dyes, intermediate layers, protective layers, anti-halation layers, barrier layers, dye underiayers, de- 
velopment inhibiting compounds, speed-irKreasing agents, stabilizers, plastKtzers, chemical sensitizers, UV absorbers 
and the like can be present in the radtographk: element. Dye underiayers are particularly useful to reduce the cross- 
over of the double coated silver halkJe radiographic eiemenL Reference to well-known dye underiayer can be found 

35 in U.S. Pat. Nos. 4,900,652; 4.855.221; 4,857.446; and 4,803,150. In a preferred embodiment, a dye underiayer is 
coated on at least one skle of the support, more preferably, on both skJes of the support, before the coating of at least 
two silver fialide emulsksn. 

[0061] The silver halide radiographic elements are preferably fore-hardened. Typical examples of organic or inorganic 
hardeners include chrome salts (e.g.. chrome alum, chromium acetate), aldehydes (e.g., fomialdehyde and giutaral- 

^ d©hyde), isocyanate compounds (hexamethylene diisocyanate). active halogen compounds (e.g.. 2,4-dich!oro-6-hy- 
droxy-s-triazine), epoxy compounds (e.g.. tetramethylene glycol diglycidylether), N-methylol derivatives (e.g., dlmeth- 
ylolurea, methyloldimethyl hydantoin), aziridines. mucohabgeno acids (e.g.. mucochkwic acid), active vinyl derivatives 
(e.g., vinylsutfonyl and hydroxy-substituted vinylsulfonyt derivatives) and the like. Other references to well known hard- 
eners can be found in Research Disctosure. December 1 989, Vol. 308. Item 3081 1 9, Sectkm X, and Research Disclo- 

45 sure. September 1 994. Vbl. 365. Item 36544. Section 11(b). 

[0062] A detailed description of photographic elements and of vark)us layers and additives can be found in Research 
Disctosure 1 7643 Decemt>er 1 978. Research Disctosure 18431 August 1 979, Research Disctosure 1 871 6 November 
1979. Research Disclosure 22534 January 1983. Research Disctosure 308119 December 1989, and Research Dis- 
closure 35544, September. 1994. 

so [0063] The silver halide photographc element can be exposed and processed by any conventional processing tech- 
nk)ue. Any known devetoping agent can be added hlo the devetoper, such asc£hydroxybenzenes (e.g. . hydroquinone), 
pyrazolktones (1-phenyl-3-pyrazolkloneor4,4-dimethyl-1-phenyl-3-pyra2olidone), andaminophenols (e.g.. N-methyl- 
p-aminophenol), alone or in combinations thereof. Preferably, the sflver halide photographic elements are developed 
in a developer comprising dihydroxybenzenes as the main devetoping agent, and pyrazolidones and p-aminophenols 

55 as auxiliary develc^ing agents. 

[0064] Other knovm additives can t>e present in the developer, such as. for example, antifoggants (e.g., benzotrla- 
zotes, indazoles, tetrazoles), silver halkJe solvents (e.g., thiosutfates, thtocyanates), sequestering agents (e.g., amino- 
polycarboxylic acids, aminopolyphosphonb acids), sulfite anttoxidants, buffers, restrainers, hardeners, contrast pro- 
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moting agents, surfactants, and the like. Inorganic alkaline agents, such as KOH, NaOH, and LiOH are added to the 
developer composilkxi to obtain the desired pH which is usually higher than 10. 

[0065] The silver halids photographic element can be processed with a fixer of a typical oompositnn for the application 
required. The fixing agents include thiosulfates. thiocyanates, sulfites, ammoniunr> salts, and the like. The fixer com- 
s positkxi can comprise other well krtown additives, such asacid compounds (e.g. , metabisulfates), buffers (e.g., carbonic 
acid, acetic acid), hardeners (e.g., aluminum salts), tone Improving agents, and the like. 

[0066] The exposed radiographic elements can be processed by any of the conventional processing techniques. 
Such processing techniques are illustrated for example in Research Disctosure. Item 1 7643, cited above, and Research 
Disclosure 38544 September 1994. Roller transport processing is particularty preferred, as IHustrated in U.S. Pat. Nos. 
to 3.025,779; 3.515.556; 3.545.971 ; and 3.647.459 and in UK Patent 1 .269.268. Hardening development can be under- 
taken, as illustrated in U.S. Pat. No. 3.232.761. 

[0067) Further details with regard to the processes for the silver halkle emulsk>n preparatbn and the use of particular 
ingredients in the emulsion and in the light-sensitive element can be found in Research Disctosure. September 1996. 
Item 38957. 

IS 

EXAMPLES 

[0068] The foltowing non-limitng examples will further illustrate the inventnn. All parts, percentages, ratios, etc., in 
the sxamplBs are by w^it unless oftherwise indteated. 

so 

Comparative Example A 

[0069] A silver bromokxJide emulsion was prepared using a conventkxial double jet metlwd for Comparative Exam- 
ples A-G and Examples 1-3, betow. The resulting emulston had an average grain equivalent diameter of 1 .35 micron, 
^ an average grain thickness of 0.22 nrvcron, a ooeinciont of variation (COV) of 40% sn6 0.9 percent kxJMe in mole 
respect to the total halide ions. The COV is a coefficient indicaling the grain size distributkxi wklth and can be defined 
by the folkiwing formula: 

COV - Qrain Standard Deviation ..^ 
30 - Average Grain Diameter ' 

[0070] The emulsion was chenracally and spectrally ser»siti2ed using conventional sulfur, gold, mercury and palladium 
sensitizers plus a trlethyl ammonium salt of 5,5'-dk;hloro-9-ethyl-3,3'-di-(3-sulfopropyO oxacarbocyanine as spectral 
sensitization dye. The digest was performed for about 120 to 130 minutes at 60^ and stabilized successively with 200 
3S mg of potassium iodkfe and 1 366 mg of 5-methyl-7-hydroxy-2-34-triazoindolizine {4-hydroixy-6-methyl-l , 3. 3a, 7-tetraa- 
zaindene) before chilling and kept in coW storage until needed for coating. 

[0071] The sensitized silver halide emulsion was melted at 45^0 and subjected to coating finals. As coating auxiliaries 
were added 1293 mg of calcium nitrate, 80 mg of azodicartjoxylic dimorpholide. 18338 mg of polyethylacrylate (In 
dispersran at 20% in water plus 367 mg of lauryl sulfate), 66738 mg of dextran as gel extender, 267 mg of colanyl blue 
^ as chromatic corrector. The pH was corrected to 6.3 before adding 3774 mg of SSMA copolymer (copolymer of styrene 
sulfonic acid and maleic anhydrWe). 

[0072] The resulting silver halkle emulsion was immediately coated on the two faces of blue 7 mil polyester base 
with a conventional antistatic top-coat containing surfactants (Niaproof, the trade name of an anionk: surfactant of the 
alkane sulfate type. Zonyl FS300, the trade name of a non-ionb parftuoroalkylpolyoxyethytene surfactant, and lauric 
45 acid diethanolamide). hardening agents (1 ,3-btsvinytsutfonyl-2-propanoO, and matting agents (polymethylmethacrylate 
partcles) dispersed in gelatin. The coating speed was 8.3 meters per minute and the covering weight was around 
2. 1 25 g of silver per m^ per skie. 

[0073] The fresh film samples were kept 3 days at 38°C before being subjected to X-ray exposure using an X-ray 
tube at 75 Kibvolt and 300 Mtlliampere for 0.06 secorKi \mth two screens commercially available under the trade des- 
so ignation TRIMAX T8 manufactured by Imatian Coip., St Paul, MN. USA 

[0074] The exposed films were processed through a 90 second dry to diy medk»l X-ray automata processor type 
XP-515 (manufactured by lmatk)n Corp., MN, USA) with commercially avaiiable chemistry QCAD 3 developer and XAF 
3 fixer, both from Irmdon Corp.. St Paul. MN, USA). 
[0075] The sensitometrfc results are reported in Table 1 below. 

55 

Comparative Example B 

[0076] The procedure of Comparative Example A was repeated, except that during additton of coaling finals, 6.32 
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grams of a hydrogenated polysacchande commercially available under the trade designation POLYSORB, from 
Roqustte Fr^res, Uile, Francs (abbreviated hereinafter as 'HP"), was added per one mole of silver, correaponding to 
249 mg of compound per square nDOter of coated film. 
[0077] The sensitometric results are reported in Table 1 . 

5 

Comparative Example C 

[0078] The procedure of Comparative Example A was repeated, except that duriig addition ot coating finals, 1 3.44 
grams of HP was added per one mole of silver, corresponding to 529 mg of compound per square meter of coated film. 
10 [0079] The sensitometric results are reported in Table 1 . 

CompargHve Example D 

[0080] The procedure of Comparalive Example A was repeated, except that during addition of coating finals, 1 9.76 
»5 grams of HP was added per one mole of silver, con-esponding to 779 mg of compound per square meter of coated film. 
[0081] The sensitometric results are reported In Table 1 . 

Comparative Example E 

^ [0082] The procedure of Comparative Example A was repeated, except that during addition of coating finate, 2.29 
grams ot hydroquincne disulfonic acid potassium salt (2,5-dihydroxy-1 .4.ben2enedisulfonic acid dipotassium salt, here- 
inafter abbreviated *HQDS'} was added per one mole of silver, corresponding to 90 mg of compound per square meter 
of coated film. 

[0083] The sensitometric results are reported in Table 1 . 

2S 

Comparative Example F 

[0084] The procedure of Comparative Example A was repeated, except that during addition ol coating finals. 4.71 
grams HQDS was added per one mole of silver, correspondhg to 186 mg of compound per square meter of coated 

30 film. 

[0085] The sensitometric results are reported in Table 1 . 
Comparative Example G 

3S [0086] The procedure of Comparative Example A was repeated, except that during addition of coating finals, 7.61 
grams of HQDS was added per one mole of silver, corresponding to 300 mg of compound per square meter of coated 
film. 

[0087] The sensitometric results are reported in Telbto 1 . 
40 Example 1 

[0088] The procedure of Comparative Example A was repeated, except that during addition of coating finals, 2.29 
grams of HQDS and 6.32 grams of HP were added per one mole of silver, corresponding to 90 mg and 249 mg per 
square meter of coated film, respectively 
4S [0089] The sensitometric results are reported in Table 1 . 

Example 2 

[0090] The procedure of Comparative Example A was repeated, except that during addition of coating finals, 4.71 
so grams of HQDS and 1 3.44 grams of HP were added per one mole of silver, corresponding to 186 mg and 529 mg per 
square meter of coated film, respectively 
[0091] The sensitometric results are reported in Table 1 . 

Example 3 

55 

[0092] The procedure of Comparative Example A was repeated, except that during addition of coating finals. 7.61 
grams of HQDS and 1 9.76 grams of HP were added per one mole of silver, corresporxfing to 300 mg and 779 mg per 
square meter of coated film, respectively 



13 



EP 0 965 880 A1 

[0093] The sensitometric results are reported in Table 1 . 



TABLE 1 



5 



IS 



Sample 


Compound 


mg/m^ 


Dm In 


Speed 


Speed/ Dmin 


Comp. Ex. A 


- 


- 


0.209 


2.312 


11.06 


Comp. Ex. B 


HP 


249 


0.202 


2.321 


11.49 


Comp. Ex. C 


HP 


529 


0.197 


2.337 


11.86 


Comp. Ex. D 


HP 


779 


0.196 


2.361 


12.05 


Comp. Ex. E 


HQDS 




0.202 


2.339 


11.58 


Comp. Ex. F 


HQDS 


186 


0.200 


2.324 


11.62 


Comp. Ex, G 


HQDS 


300 


0.196 


2.322 


11.85 


Ex. 1 


HQDS+HP 


90+249 


0.195 


2.326 


11.93 


Ex. 2 


HQDS+HP 


186+529 


0.191 


2.366 


12.23 


Ex.3 


HQDS+HP 


300+779 


0.1S6 


2.334 


12.55 



[0094] The results ot Examptes 1 -3 of the present invention clearly showed that the association of a polysaccharide 
derivative with an aryl compound, like HQDS, strongly reduced the Dmin of the fir^l element together with Increasing 
the speed. The association between a polysaccharide derivative and an aiyl compound tike HQDS demostrated a 
synergistic effect as compared to Comparative Examples B-D (containing only a polysaccharide derivative) and Com- 
25 paraiivo ExEvnples E-G (containing only an aryl compound). 

[0095] Accordingly, the photographic elements of the present invention oomprising a silver halide ennulsnn contain ing 
a pol^ccharkle derivative and an aryl compound showed an improved speed to Dmin ratio. 



CcMTiparatlvB Examples H~N and Examples AS 

30 

[0096] The preparation, exposure and processing Comparative Examples H-N and Examples 4-6 was identical to 
those of Compaiative Examples A-G and Examples 1-3. respectively, but the fresh film samples were subjected to 
stress incubatkxi forlO days at 50* before being subjected to exposure. 
[0097] The sensitometric results are r^x>rted in Table 2. 

35 

TABLE 2 



45 



Sample 


Compound 


mg/m^ 


Dmin 


Speed 


Speed/ Dmin 


Comp. Ex. H 






0.209 


2.312 


11.06 


Comp. Ex. 1 


HP 


249 


0.204 


2.320 


11.37 


Comp. Ex. J 


HP 


529 


0.199 


2.329 


11,70 


Comp. Ex. K 


HP 


779 


0.200 


2.355 


11.78 


Comp. Ex. L 


HQDS 


90 


0.206 


2-345 


11.38 


Comp. Ex. M 


HQDS 


186 


0.202 


2.350 


11.63 


Comp. Ex. N 


HQDS 


300 


0.198 


2.346 


11.85 


Ex.4 


HQDS+HP 


90+249 


0.194 


2330 


12.01 


Ex.5 


HQDS+HP 


186+529 


0.193 


2.348 


12.17 


Ex.6 


HQDS+HP 


300+779 


0.189 


2.345 


12.41 



Comparative Examples O-W and Examples 7-11 

55 

[0098] Comparative Example O was prepared as in Comparative Example A. Comparative Examples P-W were 
prepared as Comparative Example A, except that during addition of coating finals, various anrKxints of polysaccharide 
derivatives and HQDS were added according as shown in Table 3 below. The exposure and processing methods of 
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the samples were identical to those of Comparative Example A and the results are summarized in the Table 3. 



TABLE 3 



5 



2S 



Sample 


Compound 


Class 


mg/kn^ 


Dmin 


Speed 


Speed/Dmin 


Comp. Ex. O 


- 


- 


- 


0.209 


2.312 


11.06 


Comp. Ex. P 


HODS 


Aryl compound 


186 


0.202 


2.325 


11.51 


Comp. Ex. Q 


P516 


hlyd P MW 10,000 


530 


0.199 


2.339 


11.75 


Comp. Ex. R 


P517 


Hyd PMW 6.000 


530 


0.195 


2.355 


12.08 


Comp. Ex. S 


P518 


Hyd PMW 13.000 


5X 


0.196 


2.363 


12.06 


Comp. Ex, T 


P519 


NoHydPMWiaOOO 


530 


0.197 


2.355 


11.95 


Comp. Ex. U 


P520 


No Hyd P MW 20.000 


530 


0.200 


2.370 


11.85 


Comp. Ex. V 


HP 


Hyd PMW 1.300 


530 


0.197 


2.337 


11.86 


Ex.7 


HQDS + P516 


Asat>ove 


186 -f 530 


0.189 


2.325 


12.30 


Ex.8 


HQDS + P517 


As above 


186-1^530 


0,189 


2.335 


12.35 


Comp. Ex. W 


HQDS + P518 


As above 


186^530 


0.192 


2.322 


12.09 


Ex.9 


HQDS + P519 


As above 


186 4^530 


0.193 


2.337 


12.11 


Ex.10 


HQDS + PSZO 


As above 


166-^530 


0.190 


2.337 


12.30 


Ex.11 


HQDS + HP 


As above 


186 + 530 


0.191 


2.336 


12.23 


Hyd P = Hydiogenated poTysaccharide No Hyd 


P =: Non-hydrogenated 


polysacd 


liaride 



[0099] P51 6 - P520 are polysaccharides commercially available from Roquette, Lille, France having the character- 
istics and motecular weight indicated in Ta^le 3. 

30 [0100] The data in Table 3 demonstrates the synergistic effect ot the present invention. Hydrogenated polysaccha- 
rides having a MW equal to or lower than 10.000 (P516. P517 and POLYSORB), when combined with HQDS, gave a 
strong reduction of [)min without negatively affecting the speed so considerably increasing the speed to DmIn ratio. 
Similar results are obtained wHh non-hydrogenated havhg a MW higher than 10.000. On the other hand, compound 
P518 (hydrogenated polysaocharfde having a MW higher than 10,000) did not show a similar synergistic effect when 

OS used in combination with hlQDS. 

[0101] The complete disclosures d all patents, patent applications, and publications are incorporated herein by ref- 
erence as if individually incorporated, \ferious modifications and alterations of this invention will become apparent to 
those skilled in the art without departing from the scope and spirit of this invention, and it should be understood that 
this invention is not to be unduly limited to the illustrative embodiments set forth herein. 



Claims 

1 . A process for the manufacturing of a silver halide photographic element comprising the steps of: 

45 

(i) preparing a silver halide emulsion, 

(ii) sensitizing said silver halide emulsion by means of a chemical and optical sensitization method, and 

(iii) coating said silver halide emulsion onto a support. 

so wherein said process is characterized in that said process further comprises the step of adding to said silver 

halide emulsion (1 ) an aryl compound having at least two hydroocyl groups and at least one additionat substttuent 
selected from the group consisting of a sulfonic group, an alkali metal sulfonate group, an hydroxyl group, a carboxy 
group, and an hydroxymelhyl group and (2) a polyhydroxyalkyi derivative selected frc>m the group consisting of 
non-hydrogenated polysacctiarides having an average molecular weight higher ttian 10,000 and hydrogenated 

ss polysaccharides having an average molecular weight equal to or bwer than 1 0,000. 

2. The process according to claim 1 , wherein said aryl compourKl is represented by the foliovring formula: 
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wherein R is a sulfonic group, an alkali metal sulfonate group, an hydroxyl group, a carfaoxy group or an hydroxyme- 
thyl group and n is an integer of from 1 to 4. 

3. The process according to clamn 1 . wheren said non-hydrogenated polysaccharides have an average molecular 
IS weight higher than 15,000. 

4w The process according to claim 1 , wherein said hydrogenated potysaccharides have an average motocuiar woight 
lower than 8,000. 

so 5. The process according to claim 1 , w^ierein said aryl compound is added in an amount lower than X grams per 
mole of silver and said polyhydraxyalkyl derhraitive is added in an amount lower than 50 grams per mole of silver. 

6. The process according to claim 1 , wherein said aryl compound is added In an amount of from 2 to 8 grams per 
mole of silver and said polyhydraxyalkyl derivative is added in an amount of from 2 to 20 grams per mole of elK/er. 

2S 

7. A silver halide photographic element comprising at least one silver halide emulsion layer coated on a support base, 
wherein said silver halide emulsion layer comprises a combination of (1) an aiyl compourKJ having at least two 
hydroxyl groups and at least one additional substituent represented by a sulfonic group, an alkali metal sulfonate 
group, an hydroxyl group, a carboxy group and an hydroxymethyl group and (2) a polyhydraxyalkyl derivative 

30 selected from the group consisting of non-hydrogenated polysaccharides having an average molecular weight 

higher than 1 0,000 and hydrogenated polyeaccharides having an average molecular weight equal to or lower than 
10,000. 

8. The element according to daim 7. wherein said aryl compound is represented by the foltowing formula: 

35 

OH 



OH 
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wherein R is a sulfonic group, an alkali metal sulfonate group, an hydroxyl group, a cartx)xy group or an 
hydroxymethyl group arKi n is an integer of from 1 to 4. 

9. The photographs element according to c^im 7, wherein sakS aryl compound is added in an amount of from 2 to 
so s grams per mole of silver and said polyhydroxyalkyi derivative is added in an amount of from 2 to 20 grams per 

mole of silver. 

10l The use of a combinatkxi of (1 ) an aryl compound having at least two hydroxyl groups and at least one additional 
substituent represented by a sulfonic group, an alkali metal sulfonate group, an hydroxyl group, a carboxy group 
ss and an hydroxymethyl group and (2) a polyhydroxyalkyi derivative selected from the group consisting of non- 

hydrogenated polysaccharides having an average molecular weight higher than 1 0,000 and hydrogenated polysac- 
charides having an average nrx^lecular weight equal to or tower than 10.000 to increase the speed to Dmin ratio 
of a light-sensitive silver halide element. 
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